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HEADQUARTERS FIELD COMMAND
ARMED FORCES SPECIAL WEAPONS PROJECT
SANDIA BASE, ALBUQUERQUE, NEW MEXICO

FOREI'ORO

(' '"""" ,
I i

i'~ThiS pubLIcation' bas been prepared by the Weapons Employment Branch, Orientation and
Employment Division oC Special We a p 0 n S Tra1n.i.llg Group. Field Command, Armed Forces
SpecJal Weapons Project.1t,ls intended Cor use by the MiLItary Services in the field of weapons
employment and as a teaching vehicle 111 courses conducted by the Special Weapons Training
Group.

Included in this handbook are isoclamage curves for a variety oC Larget.s. data enabling the
user to predict tbe levels of various weapons effects, and mathematical tools which the tralned
employment analyst can use to solve the target analysis problem:";~!,'j

• • • '.-'/0- ~~

i/"
The reference source lor material dealing With damage to various types of targets and for

data pertaining to weapons eUecLS Is: Capabilities of Atomic Weapons (U), TM 23-200; OPNAV
INSTRUCTION 03400.IB; NAVMC 1104 Rev, revised edition November 195'7; Nuclear Radiation
Handbook (AFSWP-1100); Prediction of l'eutron-lnduced Activity In Soils (AFSWP-518): and the
Thermal Data Handbook (AFSWP-700).

Material concerned primarily wUh the analysis problem has been drawn from various
sources. primarily from publications of Sandia Corporation and previous publications or the
Weapons Employment Branch, Orientation and Employment DiVision. The Sandia Method of
Weapons Employment Analysis described in this publication Is presented as a teaching vehicle.
The step-by-step numerical approach to answers Is Intended to traln the analyst in the mental
p::,ocesses which in operational analysis problems may be applied I n the form of Judgment.
Familiarization with the. theory and the procedures performed in the Sandia Method will also
enable the analyst to increase his understanding 01 the various effects parameters and thus
may Improve the bas I s Cor his Judgment in employing services operational target analysis
methods.

This handbc'-ok 15 not intended to be an exhaustive source of eUecta and damage Information.
Rather, it Is a compilation of Information of most immediate interest to the weapons employment
analyst, who Is assumed to be fully tralned and quali!led in the interpretation 01 the data and In
the tecl1n.lcal aspects o! weapons employment.

Users of this publication are inVited to report any errors, discrepancies, or omissions
they may Undo Suggestions for the improvement of future editions WiU be welcomed.

FOR THE COMMANDER:

J£~.s. K. Y ROU2H
Cololl.&l'
Deputy Chief of Starr
Special Weapons Tralnlng

~l;: i(' "..jTtJSnOJ.,J,.\\y
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ISODAll1AGE CURVES BY TARGET TYPES

TYPE FIGURE P.~CE

SURFACE STRUCTURES KT MT

Ught Steel Frame Industrial Building 2-2 2-3 13
Single Story Heavy Steel Frame Industrial Building 2-4 2- 5 1-1
ReWorced Concrete Frame Office Building 2-6 2-7 15
Wood Frame Building 2-8 2-9 16
Wood Frame Buildil1g (Continued) 2·10 2-11 17
Mllltlstory ReWorced Concrete BWlding With Concrete Walls

and Small Window Area 2·12 2-13 18
M\lltistory Will- Bearing Building, Brick Apartment House Type

With Small Window Area 2-14 2-.15 19
MulUstory Blast-Resistant DeSigned Reinforced Concrete BulliIing 2-16 2-17 20
Monumental Type Multistory Wall-Bearing Building 2·18 2-19 20
Multistory Steel Frame Of!1ce Bulll1ing 2-20 2-21 21
Filled 011 Storage Tank 2-22 2·23 22
Hlgh....ay and RaHway Truss Bridge of lSG- to 25G- Foot Span 2-24 2-25 .23
Highway and RaHway Truss Bridge of 25G- to 5S0-Foot Span 2·26 2-27 24

FIELD EQUIPME~T

Tanks and ArUllery (Severe) 2-28 2·29 26
Tanks and Artillery (Moderate) 2-30 2-31 26
MlIHary Vehicles (Severe) 2-32 2-33 27
Military Vehicles (Moderate) 2-34 2-3S 28
Machine Gun Emplacements (Severe) 2-36 2-37 29
Machine GWl Emplacements (Moderate; 2-38 2-39 29
Command Posts and Shelters (Severe) 2·40 2-41 30
Command Posts and Shelters (Moderate) 2-42 2-43 30
Telephones and S..itc:hboards 2-44 2-45 31
tInrevetted Folt!loles and Trenches (Severe) 2-46 2-47 32
Unrevetted Folt!loles and Trenches (Moder;te) 2-48 2-49 32
Radios and Electronic Fire-Control Equipment 2-50 2-51 33
M2 or M4 Floating Bridges 2-52 2- 53 34
Supply Dumps 2-54 2-55 35

AIRCRAFT

Jet Fighters (Severe) 2-56 2-57 37
Jet Fighters (Moderate) 2-58 2-59 38
Propeller Fighters (Severe) 2-58 2-59 38
Propeller Fighters (Moderate) 2-60 2-61 39
Jet Bombers (Severe) 2-60 2·61 39
Jet Bombers (Moderate) 2·62 2·63 40
Helicopters and Transport Aircraft (Severe) 2·601 2-65 41
Helicopters (Moderate) 2-66 2-67 -12
Helicopters (Moderate, Continued) 2-68 2-69 -13
Transport Alrcratt (Moderate) 2-70 2-71 44
Transport Ai.rcra1t (Moderate, Conllnued) 2·72 2-73 45
Ught Ua.ison Aircraft (Severe) 2·70 2·71 4-1
UgM Ualson Aircra.ft (Severe. ConUnued) 2·72 2·73 -15
Ught Ualson Aircraft (Moderate) 2·74 2-75 46
Ught lJalson Aircraft (Moderate, Continued) 2-76 2-77 47

v
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TYPE

NAVAL SURFACE VESSELS (AIRBURST)

Flr.tJREPAGE

KT MT

BatUeshlps (Severe)
Battleships (Moderate)
Heavy Cruisers (Severe)
Heavy Cruisers (Moderal:e)
Aircra1t Carriers, Light Cru16en, and Transports (Severe)
Aircra1t Carriers, Light Cruisers, and Transports (Moderate)
Destroyers, lSI" S, Landing Cratts, and Landing Vehicles (Severe)
Destroyers, LS'I"S, Landing Cra1ts, and Landing Vehteles (Moderate)

NAVAL SURFACE VESSELS AND SUBMARINES
(UNDERWATER BURST)

BatUeshlps, !:Ieavy and Light Cruisers, Airera1t Carrlers, and lSI"S (Severe)
Destroyers and Transports
All Types Surface Ships
S\lbmarines - Submerged 50 Feet (Lethal Hull Damage)
S\lbmarines - Submerged 100 Feet (Lethal Hull Damage)
Submarines - Submerged 250 Feet (Lethal Hull Damage)
Submarines - Submerged 500 Feet (Lethal Hull Damage)
Submarines - SUrfaced (Interior SJlodc Damage)
Submarines - Submerged 50 Feet (lnterlor Shock Damage)
Submarines - Submerged 100 Feet (Interlor Shock Damage)
Submarines - Submerged 500 Feet (Izllerlor Shock Damage)

FOREST STANDS

Type I Forest Stand (Severe)
Type m Forest Stand (Severe)

PERSONNEL

PersoMelln the Open - Summer UnUorm
PerSOMe1 in the Open - Winter Unllorm
PersoMel in the Open - Thermal Protection
Personnel in ClUes
PersoMel In Woods
PersoMelin 4- Foot Foltholes
PersoMelln 4-Foot Foxholes - Thermal Protection
PersoMelln Prone-Type Foxholes. Summer UnUorm
PersoMelin Prone-Type Foxholes. Winter UnUorm
Personnel1n Tanks

VI

2-78
2-80
2-82
2-84
2-86
2-BB
2-90
2-92

2-94
2-95
2-96
2-97
2-98
2-99
2-100
2-101

. 2-102
2-103
2-104

2-106
2-108

2-110
2-112
2-114
2-116
2-118
2-120
2-122
2-124
2-126
2-12B

2-79
2-81
2-83
2-85
2-87
2-89
2-91
2-93

2-107
2-109

2-111
2-113
2-115
2-117
2-119
2-121
2-123
2-125
2-127
2-129
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·3- 5. 9 M1SCELUHEOUS 1HERIoU.L R.l.CI.a.110H CRITlRI.l..

:-"

3- S. 9.1 c;EHUA.L. 'I'ne employment of atomic weapons over
metropolitan, III"ban, or forest areas may produce in addition
to blast damage, mass fires which under tne proper conditions
materially increase the degree and extent of damage.

3-5.9.2 UR8...NFIRU. A sllI"Vey of metropolitan areas of the
United States Indicates that of the exterior kindling fuels
present, newspapers and other paper products account for 70
pi!rcent of the toW, while dry gTa5S and leaves account for
another 10 percent In resIdential areas. Most other exterior
kindling fuels are present In small percentages or require radi
ant exposwoes in excess of 10 cal/cm2 lor ignition. Since paper
Is the major exterior kincWng fuel and is also an Important In
terior fuel, tne exter.t 01 ignitions may" be estimated from the
minimum radiant exposure requirements for this material, I1g
woe 3-16. The thermai charts, figures 3-9 through 3-14, give

-:It. distances to which the required calories will extend. To es
timate the burnlng potential 01 the area under consideration,
figures 3-17 and 3-18 may be used.

3-5.9.3 DEFINITIOHS 0' BURNINC POTEH11A.L. (See1lgures 3-17 and
3-18. )

a. Low: Slow-bwoning fires. Fire can be controlled at
will. Control action can be on unit structure basis.

b. Dangerous: Fires burn rapidly. Individual building
fires combine to form an area fire. Organized action needed to
confine !ire to area originauy ignited.

c. Critical: Rapid build-up con!lagTation-type fires.
Hign probability of fire storm, with frequent and severe spotting.
Requires evacuation of fire-fighting equipment and personnel.
Control action e!!ecti ve only at critical breaks in building conti
nuity or density.

3· 5. 9. 4 RELIABILITY. This Is based upon limited empirical data.

3- 5. 9.5 ILLUSTRAlIVE EUIoIPLE.

1. ClVlS,

a. A 100 K'I' weapon.
b. A relative humidity of 40 percent.

2. R£QI/IR£JI£.H,

Find the minimum radiant exposure required for the Ig
nition of newsp2per.

a. Enter the Newspaper Ignition chart on the bottom
margin with a relative humidity of 40 percent.

b. Read up this line to the intersection With the 100 K'I'
curve.

c. Read to the left-hand margin where a minimum ra
diant eltposure of 5.1 cal/cm 2 is read.

Minimum radiant exposure for the Ignition of newsp2pers
Is 5.1 cal/cm2.

3-5.9.6 'OREST FIRES. The fire potential In a forest area is de- .
pendent upon the type of kindllng fuels present on the forest floor,
recent and present weather, and present wind concl1Uons, a=ong
other considerations. Table xm below gives a dcfil1tion of the
types of kindllng fuels which might be encountered. By determin
ing the type or kindling fuel, one can determine the calories re
quired to Ignite :a forest by referring to figure 3-19. The therma-l
cllarts, figures 3-9 through 3-14, give the clistance to which
the required number of calories will extend, thus giving an esti
mate of the distance or are:a where one might expect to start
rorest !ires. Taking Into account present wea-ther condlUons
and Wind speecis, table XlV gives an estimate of the type of
fire that will result. See p2ragraph 6-11. 3 for an lUustraUve
problem.

3- 5. 9. 7 SCJ.LIHe. To find minimum rad.lant exposures for yields
other tllan I KT, multiply the exposures re:ad from !igure 3-19
by W1/ 8. ..

. 3- 5. 9.8 REliABILITY. B:lsed upon observed results of limited full·
scale tesls and extensive l:abor:atory experiments. The results
are not considered reliable in the megaton range.

T,t,liLE XIII. CLASUS OF THIN WILDLAND "IHcLINe FUELS
(ARRANCED IN ORDER OF DEeREASINC FL.-AIILITT)

Class Description

1 BroadleaI and coniferous Utter-mixture of fine gr:lSS,
broken leaves :and duff, and thin translucent broadle&!
leaves.

U Hardwood and 110ftwood punk 1n v:arlous stages of decay.

ID Cured or dead grass. " .. .. --".

IV Conifer needles and thick, nearly op.aque broadle&!
leaves.

94 J
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Note: Fires may be blr:nm GIlt by the blast wave, depending on the time lnter~l between ign.lUoll and arrival of the shock.
Biowout is not expected in overpressure regions below 5 pSi for fully-exposed fueis.

TABLE XIV. 'URNINC POTENTIAL FOR WILDLAND FUELS DURINC FIRE SEASON ITERRAIN WITH SLOPES LESS THAN :Ill'!.)

RelaUve humidlty (percent)
Wind speed at 20 feet
above ground In the open Below 15 1>40 40-65 65-BO

Below 5 knots Dangerous Dangerous Low Low

5-10 knots Critical Dangerous Dangerous Low

10-15 knots Critical Critical Dangerous Low

Above 15 knots CrItical Critical Critical DiLIlgerous

Definitions:

Low- irreglllar fire perimeter, spread greatly aUected by local changes In iuel structure and topography,
depth of fire small. Fire generally stops at roads and ridge tops. Control action can be on an
indlvIdual basis.

Dangerous-continuous intense fire front whJch moves rapidly, frequently spots ahead. Aggressive organized
action required to protect personnel and equipment.

Crltical- conll.agratlon-type fire, in heavy fuels readlly crowns and spots as much as a mlle ahead. Re-
quires personnel and equipment to be evacuated from in front and from near the fW1ks of such fires.
Control action effective only when changes in fuel type or burning condltlons permit.

Note: 1. For heavy fuels, use the classification for the next higher wind speed.
2. For terr:un wilh slopes greater than 20 percent, uu the classification for the neJtt higher wind speed.
3. For canopy shad1ng 20 percent of the groWld, reduce wind one class and increase relative humidity one class.
4. For full shading, reduce wInd two classes and increase relative humIdity two classes.

.~'. 07
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3-7 ~EUiRO~·IMCUt:fC C..........u. ACTIVITY.

3-7.1 c:.E~EUI., When ....eapons are detonated near the g:'ound,
neutron-induced pmma activity in the soil can result in dose
rate levels oC mllituy importance near ground zero. :E.."Cperi
mental data Is not complete, and rigorous analytical predictions
based upon a full knowledge oC the Cundamental phenomena can
not be made in the present state of the art. The CoUowing factors
which influence the level of neutron-Induced gamma activity ....IU
be discussed and the available data presented;

Weapon Desip will determine the CIll.o( and energy distribution
of neutrons impinging on the ground near the point of burst;

Slant Range Crom burst point will also influence neutron Jlu.'t
and energy distribution;

Soil Composition will determine ....hich elements susceptible to
. neutron activ:ltion may be present;

Decay and Dose Received from neutron-induced pmma activity
areaf'iiii'Ction of time and the particular elemental soil constit
uents '!;1hich were present for neutron acllvation.

3-7.2 IIEUTROr<-IIICUCEC C.Io.Mo\U ACTIVITY CII ...Rn. Figures 3- 31
through 3- 34 enable the prediction oC the dose rate at H + 1 hour
at various slant r:l1lges :l1Id Cor the special case at ground zero
where slant range is eq~l to height oC burst.

3-1.2.1 CHART HI. fCTIOH. Selection of the proper chart among
figures 3-28 through 3- 31 Is made using the 1n!OrI:laUOn contain
ed in the chart title block. A general weapon type is described,
anj the mark designation oC present stockplle we.pons is given
for each ...·eapon. The charts are direct reading for most oC the
present stockpile yields, and other yields may be linearly inter
pouted bet"..een the yield curves plotted.

3-1.2.2 HLECTIOM "HO U1£ OF WIl.TTPE FACTOR. The operational
di!!icclty a! obtained data on elemental soil composition and the
extreme, very local, >-ariation in soil compositior.s are prob.ably
the greatest sources of uncertainties in the prediction oC neutron
induced radio.ctivity. Currently, avaiuble information is pre
sented as it reutes to Cour soil types. The illustrative soilt)l'es
have been selected for their extremes oC varialion in contents oC
sodium, manganese, and aluminum, ",'h!ch are the elements hav
ing the greatest irJluence on the amount of neutron-induced con
tamination to be expected. Table XVI gives the CO:::lposition of
the lour selected soil t}pes. Elements are lisled i:: descending
order oC irnport3.1lce to the neutron- induced radioactivity situa
tion. Soil factors are presented for the four IUustr.tive soH
types, anI:! these soil factors should be used directly 11 the soil
in question is not of si!1;ni!icantly di!ferent composition than one
of the tabuuled soil types. II the soil composition encountered

is ir.ter=~4.:~ to the t.~ulated types, an interpolated soil ~.

...ill r.ave :: ~ estimated. The necessuy use ot an inte.r.-:e
soil !actc. ~.l! Curther degrade the reliability oC the resulti
predicted ~H rate. The dose utes read from figures 3-2:
through 3-::: :o:e multiplied by the soil Cactor to crive at U
dose rate ~ected on the soH 1n question.

J-7. 2. 3 ~" UNCf ANe CHART RUOINC.

3-7.2.3. I 7:'e charts are entered at the slant range a! Inler
On the yie~ ;,,;:-ve, read a dose rate and multiply this dose r
by the ap;:r:;r~ate soil factor.

J-7. 2.3.2 :'::: is desired to lind the slant range at "..hich a
specified C=~~ rate may be expected, diVide the specif ied do:
rate by t::e ~:;! f.ctor a."ld enter the chart with the dose rale
obtained. C:. :he yield curve read out the desired slant ra.~

3-7.3 R£ll.•• :lITT. Dose rate values read from the CUT\'es a.z
corrected =: ~ tabulated soilCactor are correct ....·ith1n a tact·
oC 5. For c::..:.er soils ""here an estimated soli f.ctor must t.
used, the ~:~ ""ill merely furnlsh an estimate o! the magnit\
or the hazA.-~.

3-1.4 REF !l~"CE1. Fo. additional data, reCer to Capabilitie
Atomic We.?Q'"..5 CUl, TM 23-200, .pages ~-65 tlu"ough 4-11,
Prediction c: Seutron Induced Art in SoH, AFSWP-5l8.

~===~-'~"""__l

~~~~ \ \"Z..-I~ ~ \1)-ItlEI~
'-..J '"i"'t'\.t.A~ E' ~ttftiy
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ST'I65/H
2S So. 58 TABLE XVI.

SOIL MULTIPLYING FACTORS
WITH

CHEMICAL COMPOSITION OF ILLUSTRATIVE SOILS

Sou type I Sol1 type D Soil type m Soil type IV

(LIberia, Africa) (Nevada desert) (lava clay, Hawall) (beach sand,
Pensacola, Fla)

MULTIPLYING FACTOR 0.11 1.0 12.0 0.002

ELEMENT"
-

Sodium --- 1. 30 0.16 0.001

Manganese 0.008 0.04 2.94 ---

Aluminum 7.89 6.90 1B.79 0.006 ,

Iron 3.75 2.20 10.64 0.005

Silicon 33.10 32.00 10.23 46.65

Titanium 0.39 0.27 1.26 0.004

Calcium 0.08 2.40 0.45 -_.

Potassium ... 2.70 0.8B -.-

Hydrogen 0.39 0.70 0.94 0.001

Boron ..- ... --- 0.001

Nitrogen 0.065 --- 0.26 ...

Sul!ur 0.07 0.03 0.26 ---

Magnesium 0.05 0.60 0.34 ._-

Chromium --- --- 0.04 ...

Phosphorus 0.008 0.04 0.13 ._-

Carbon 3.87 ... 9.36 ._-

Oxygen 50.33 50.82 43.32 53.332

_ • Elements are given in percentage by weight lor the various type soUs.
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3-8 DECAY OF HEIITROIMHDUCEO RADIOACTIVITY,

3-8.1 CEHERol.L. The decay of ne\ltron-ind\lced gamma actiVity
m\lst be considered as a fl.lnction of soll composition as well as
time. The enect of Ulese variabl es Is as des cribed in paragraph
3-7.

3- B. 2 HEUTRO","1140UCED RADIOACTIVITY. COlolPUTATIOI4S.

3-8.2.1 Enter the Neutron-Induced RadioactiVity Decay Factor
Chart, figure 3-35 with the time, t, after detonation in hours
and read the decay factor on the curve for the proper soll type.
This factor is multiplied times the H + 1 hour dose rate to obtain
the dose rate at time, t, in hours.

DRH + t " DRH + 1 x DFH + t

3-8.2.2 II the dose rate at any time is known, and the reference
dose rate at H + 1 hour Is deSired for a radiological sitllal.ion
map, the formula is

DRH + 1 " DRH + t/DFH + t

3-8.3 RELIABILITY A140 REFERENCE~ Reliability and references are
the same as given in paragraphs 3-7.3 and 3-7.4.

3-8.4 ILLUSTUTIVE EUMPLE.

1. ClI'LV

An area having type 1 5011 had an H + 1 hour dose rate
of nel.ltron-lnduced gamma activity of 80 r/hr.

2. REQTJIREJlHTS:

Estimate the dose rate at H + 4 hours.

3. SOLl.7/0,I':

a. Enter figure 3-35 at a time after detonation o[ 4
hours and read On the Soil Type I curve and on the right vertical
seale a decay 12.ctor of 0.4.

b. DRH + t a DRH + 1 x DFH + t·
c. DRH + 4 -80xO.4"32r/hr.

4. A,\'~ER..

The neutron-induced gamma dose rate at H + 4 hours
may be expected to be about 32 r/h:r.

3-9 IUoDIATO," !'OSAGE RECEIVED IN .1.14 AREA OF NEUTRO","INDUCEO
RADIOACTIVITY.

3-9.1 CENERAL. The totai radiation dosage and the resultant
injury s\lStained by persoMel in a radiation fieid is the opera
tional answer desired. Also, a COmmander may aMOl.lnce a
maximum alioW2ble, probabiy non-injurious, dose ,,:bich is not
to be exceeded by persoMel whose battlefieid duties require
some exposure to residuai radiation. Since a Held ot residual
radiation Is continuously decaying in a known relatlonship to the
passage of time, the dosage received during exposure to the ra
diation field may be reduced by Shortening the period o[ exposure
or by de[erring entry Into the field until addltlon.al radioactive
decay has occurred. Both a shorter time 01 stay or a later time
of entry may be necessary to hoid the total dosage to an accep
table level.

3-9.2 INSTRUCTIOP'S FOR USE o~ DOUGE CHARTS.

3-9.2.1 The decay of neutron-induced radioactivity Is d.ependent
upon sol1 composition as discussed in paragraph 3-7, hence the
data for estlmatJon of radiation dosage Is also presented for the
four soU types In figures 3-36 to 3-39.

3-9.2.2 A selection ot soil type and the appropriate figure 15
made emplOying the gWdance of paragraph 3-7. The calculation
Involving total residual radiation dose Involves four parameters.
II any Ulree of these are laIown, the fourth may be caJcuJated:_

TE .. the lime of entry into the contaminated area.

1'5 .. the time of stay in the contamlnated area.
ORH + 1 .. the dose rate In the cont.am.inat~area at H •

hour (one hour after detonation).
TD .. the total dose received.
Figures 3-34 to 3-39 plot TE, 1'5, and a multiplying factor

MF,
MF .. TD/DRH + l' or
TD .. MF x DRH + 1

3-9.2. 3 Instructions for the use of the neutron-Induced radiatic
total dose charts are given In table xx, page 142.

3-9.3 REl.I.o\BlLITY AND REFERENCU. Same as given in paragraph
3-7.3 and 3-7.4.

3-9.4 ILLUSTRATIVE EUJotPL!.

1. C/VE.V:

The dose rate In a neutron-Induced area of gamma ra
diation Is measured to be 125 r/h:r. The soil is type I.

2. RlQIJIRlJlERT:

a. PersoMel must occupy this area for 3 hours ,"thout
exceeding a total dose of 25 r. When can they enter the area 1

b. If persoMel must enter this area 2 hours alter delO
I13Uon, how 1000g can they stay In the contaminated area without
exceeding a total dos e o[ 50 r 7

c. What total dose would personnel receive II they enta
Ul1s area 7 hours alter detonation and remained for 10 hours?

3. SOl.UTIO,\·s..

a. SOl.ClT/ON TO R£QL·IREJlE.VT ..

STEP 1: ORH. 1 .. 125 r/h:r. 1'5 " :I hours, TO .. 25 r:
calC\llate MF - TD/DRH + 1 .. 25/125 " 0.2.

STEP 2: Enter figure 3-36 on leU vertical a.tis ....ith MF " 0.2:
read right to intersection "'ith 3 hour TS curve.

STEP 3: At this intersection, read down to time 01 entry o[
9.5 hours.

b. SOl.UTlO,," TO R£Qt'/RE~£,H 6.

STEP 1: ORH + 1 .. 125 r/h:r, TE .. 2 hours, TO .. 50 r:
calculate MF .. TD/DRH + 1 .. 50/125 .. 0.4.

STEP 2: Enter figure 3-36 On left vertical a.tis ...ith MF .. 0.4;
enter on bottom a.'tJs at TE .. 2 hours.

STEP 3: The point o[ intersecUon is at about hall the distance
between 1'5 curves 0.3 and 1. 0 hours. Ho....ever. when the dis
tances to the 0.1 and 3.0 hour curves are noted It appears that
the point of intersection should be Interpolated as being about O. ~
hour Ume o[ stay.

c. SOl.UTIO.'1 TO R£QL'IREME!l'T <.

STEP I: DRH + 1 - 125 r/hr, TE .. 7 hours, TS _ 10.

STEP 2: Enter iigure 3- 36 ":ith TE - 7 hours on bottom a.tis:
read up to Intersection with 1'5 .. 10 hour curve; read left to
verticai axis and read MF .. 0.66.

STEP 3: Calculate TD .. MF It DRH + 1 .. 0.66 x 125 .. 82.5 r.

4. ANSI£R:

a. Time of entry, TE .. 9.5 hOUTS.
b. Time of stay, TS .. 0.5 hours.
c. Total dose, 1'0 - 82.5 r.

NOTE: Note that requJrements are separate problems and the
answers are not related.

., ., '7
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SECTION 6

OPERATIONAL CONSIDERATIONS

6-1 CEI'ElUL. The purpose 01 this sectlon Is to assist the :In:l
lyst in completely evalu:lUng all that will happen to the area
...ithin and surrounding a target complex. This section consists
01 troop safety, equipment salety, and eIfects analysis. It
should be remembered tr.a.t the solution from the Sandi:l Method
Is based upon the targets the commander desires destroyed ..
With a selected yield, MB' and RGZ, the an:llyst attains an
acceptable assurance of damaging these assigned targets In the
complex. This selected yieJd, MB' and RGZ, will also do dam
age to other objects near the targets or target complex. The
an:llyst should have complete answers as to where and to wh:lt
extent this acditJonal damage "'ill occur as well as obje~ts th:lt
"ill suffer nO da.mage.

6-2 TROOP UFETY.

6-2.1 The purpose of the troop-salety caJculations presented Is
to esta.bllsh some minimum sale distance (MSD) from the rec
commended groWld uro (RGZ) to the nearest friendly unit such
th:lt no frlendJy-troop casuaJties ...ill result. A recommended
groWld zero (RGZ) closer to Iriendly troops than the MSD will
not be selected WlJess signilicant advantages will accrue. The
method 01 troop- salety calculation deals only with the effects
th:lt occur at the time 01 detonatJon. Other elfects wi J J be
considered later in Ellects An:lJysis, (par:lgnph 6-6).

6-2.2 The mln.lmum sale distance (MSO) Is the sum of a salety
radius (Hos), ""hich takes into consideration the m:l.1l:.imum elfects
from the weapon detonation, plus a buffer distance (db), which
t3.kes into consideration the maximum errors of the delivery
s>'stem employed and the disposition 01 the friendJy units.

6-2.3 The salety radius (RS) is obtained from salety-radius
cur'·es. These:ue direct-reading curves which give :I distance
Irom the ground zero at which no casuaJties or no damage may
be expected.

6·2.4 The salety- radius curves do not take into consideration
all of the factors associated with troop-safety problems. Many
lactors have too limited an application whiie other f:lclors are
too Intangible to pinpoint specilicalJy. Factors that are not in
cluded, but should be considered when performing troop-s:llety
calculations, are: missile hazards created by the presence of
....ooded areas, buiJdings, vehicles, or equipment; eye Injury to
troops In the open (either temporary !lash blindness, permanent
or semJpenn:lnent injury due to burns on the retina); Ures, both
primary and secondary which may in"olve friendly poslUons; and
the cumulative eHect on troops of prior or subsequent exposures
to nuclear radiation.

6-3 SAfETY.RAOIUS CURVES FOR TROOPS II' THE OPEH.

6-3.1 The safety-radius curves for troops In the open, figures
6- 3 and 6-4, are based on eHects levels which ....ere t:lken as the
threshold vaiues lor casualty production from InHlal nuclear
radiation, thermal radiation, and blast. The criler!:l selected
are:

1. Thermal radiation, a threshold energy for 1st degTee

burns to elCpos~d skin of 2 calories per square centlmeter (2 c:a.l
cm 2) for 1 KT :l.lld scaled to the appropriate yield.

2. Nuclear rad.i:ltion, iO roentgens equivalent maml:tl:U
(10 rem) from inJtial gamma :l.lld neutrons for a reJative air
density of 0.9.

3. Blast, 0.01 probability 01 causing casualUes due to tr.l..ll:
lational mollon. In no lnsLance was the bIas t crHerlon the
decisi-'e consJderation, since the hazard due to 2 C:ll/cm2 (1 1."T
equivalent) or 10 rem extends much farther.

6-4 SAFETT·UCIUS CURVES fOR TROOPS IH FOXHOLES. "'ARWEO.

6-4.1 For the Safety- ra.dius curves for warned troops in 10ll:

hoJes, ligures 6- 5 :l.lld 6- 6, the troops are assumed to be In
fOJl.holes whlch :Ire at least as deep as the heIght 01 the Indi_id
U:ll. It 15 further assumed that at the Ume or the detonation the
individU:ll will be in a crouched position fn the foxhole so that the
uppermost portion of his body w1lJ be at leut 2 feet beJow the tor
01 the foxhole. Assuming:l 2-foot width for the foxhole, thls .
wouJd mean that lor angles of Incidence gre:lter than 45 degTee:s
from the vertical, no direct radIaUon eIther therm:ll or m:dear.
would be received by the Individualln the foMole.

6-4.3 An :lttenualion lactor or 0.1 was asswnec! for initIal ga=
radialion and 0.3 for neutron radlalion. The nuclear- radiation
criterion was 10 rem received In the foxhole for a relati"e air
density of 0.9. The criterion '"~~ ---_ ..._.. ,- .~- '--~·h

was the dominant consideratJon '

6-4.4 .... t the safety-ra.d.ius distances fnvolved, the static o"er
pressure is 5 psi :lJ1d there is about a 10 percent probability of
foxhole collapse .....ccorcUng to the best available lni'ormatlon,
negligible b I a s t casu:llties ..-ould occur under these cJrcwn
stances.

6- 5 EQUIP",!WT UFErr.

6-5.1 C!WEUL. The method for determining equipment safety Is
similar to troop safety; i. e., the minImum safe dlst:l.llce (MSO)
Is obtained by :ldding the radius of salety (RS) to a buller dis
tance (dt».

6-5.2 EQUIP..!HT SAfETY.RAOIUS CURVES.

6-5.2.1 Light-damage curves are Incorporated for the purpose
of obtaining the radius 01 safety desired, dependlng on the cri
terIa est.:lblished by the comm:l.llder.
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